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(54) Backlight device and liquid crystal display device 



(57) A backlight device including a light source for 
emitting light a light guide for receiving the light from 
the light source and for emitting directional light having 
a maximum intensity in a first predetermined direction, a 
polarization light splitter having a planar, multi-layer 
structure; and a beam deflector, disposed between the 
light guide and the polarization light splitter, for deflect- 

FIG. 1 



ing the light from the light guide towards the polarization 
light splitter in a second predetermined direction sub- 
stantially coinciding with a direction in which the polari- 
zation light splitter has a maximum polarization light 
splitting effect. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 5 

The present invention relates to a backlight device 
and, more particularly, to a backlight device for use in 
liquid crystal display devices and the like. 

10 

Discussion of the Related Art 

Recently, liquid crystal display (LCD) devices hav- 
ing a backlight system are becoming increasingly popu- 
lar. The LCD devices modulate polarized light obtained is 
by transmitting light through a polarizing plate through a 
liquid crystal layer. 

FIG. 11 shows the typical structure of a conven- 
tional backlight system and an LCD device. Light emit- 
ted from light source 21 is incident on light guide 22 and 20 
propagates by undergoing multiple total internal reflec- 
tions. A portion of the light traveling through the light 
guide 22 is diffused by light diffusers 23 and is emitted 
from the light guide. A portion of the light emitted down- 
ward from the light guide 22 is reflected by reflection 25 
sheet 24 and returned to the interior of the light guide 
22. The light emitted upward from the light guide 22 is 
diffused by diffusion sheet 25, and is converged by 
prism sheet (or lens sheet) 26 to enter liquid crystal cell 
30 interposed between polarizing plates 31 and 32. 30 

FIGs. 12 and 13 show other types of conventional 
LCD devices having a backlight system. 

The backlight device of FIG. 12 is structured such 
that the order of diffusion sheet 25 and prism sheet 26 
is reversed from that of FIG. 1 1 and the prism surface of 35 
the prism sheet is facing the light guide 22. 

The backlight of FIG. 13 is structured such that an 
additional prism sheet 26a, which has a plurality of tri- 
angular column prisms arranged in a direction perpen- 
dicular to the arrangement direction of the triangular 40 
column prisms in prism sheet 26, is placed over the 
prism the sheet 26. 

However, currently used light polarizing plates 
absorb approximately half of the incident light, and thus 
have low efficiency in light usage. That is, in order to 45 
have sufficient luminance, more light needs be incident 
on the light polarizing plate. However, increasing the 
light intensity of the light source causes a variety of 
problems, such as increased power consumption of the 
light source and adverse effects on the liquid crystal due so 
to heat generated from the light source, which degrade 
the display quality. 

To solve these problems, the following techniques 
have been proposed. A polarization light splitter is pro- 
vided for splitting unpolarized light from a light source 55 
into two linear by polarized light beams having the polar- 
ization directions orthogonal to each other. One of the 
split polarized light beams is directly used for illumina- 




tion while the other polarized light beam is used indi- 
rectly. In other words, these techniques improve light 
usage efficiency such that, of the two linear polarization 
components of light, one component is incident on the 
liquid crystal cell, and the other component is reflected 
by the polarization light splitter, returned to the light 
source side, and is reflected again to reintroduce it to 
the polarization light splitter. Some of the recent devel- 
opments along this direction are as follows. 

(1) In Japanese Laid-Open Patent Application No. 
04-184429, an unpolarized light beam from a light 
source is split by a polarization light splitter into two 
linearly polarized light beams having polarization 
directions orthogonal to each other. One of the 
polarized light beams is emitted directly towards the 
liquid crystal cell. The other is returned to the light 
source side, converged, and then is reflected for re- 
use as light for illuminating the liquid crystal cell. 

(2) A backlight system disclosed in Japanese Laid- 
Open Patent Application No. 06-265892 has a 
beam deflector disposed over a planar light guide to 
direct light emitted from the planar light in a direc- 
tion approximately perpendicular to the surface of 
the planar light guide. A polarization light splitter is 
located over the beam deflector. 

(3) A backlight system disclosed in Japanese Laid- 
Open Patent Application No. 07-261122 has a 
polarization light splitter located on the light emit- 
ting surface side of a parallel light generating 
device, which is constructed of a light scattering 
guide that includes a portion having a wedge- 
shaped profile. 

However, these conventional technologies have the 
following problems. The backlight system of (1) is 
intended for use with a projection LCD device. Since the 
structure of the illumination device requires a large 
amount of space, it cannot be applied for a planar thin 
LCD device. 

The backlight system of (2) is suitable for construct- 
ing thin devices. With a polarization light splitter layer 
fabricated on the inclined sides of a columnar prism 
array having a plurality of triangular shaped elements, 
superior efficiency in light usage can be obtained. How- 
ever, the structure of the polarization light splitter is 
complicated and, in particular, it is difficult to form the 
polarization light splitter layer on the inclined sides of 
the triangular shaped elements. Therefore, the device is 
not suitable for mass production. 

In the technology (3), if the parallel light generating 
device of the light guide is constructed of a finely 
designed light scattering guide that includes a portion 
having a wedge-shaped profile, superior efficiency in 
light usage can be obtained. However, it is difficult to 
design and manufacture such a light scattering guide 
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having the desired function. Therefore, this device is not 
convenient for general use. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a 
backlight device that substantially obviates the prob- 
lems due to limitations and disadvantages of the related 
art. 

An object of the present invention is to provide a 
bacWight device that has a polarized light splitting film 
with a relatively simple, thin structure suitable for mass 
production and that has high efficiency in light usage. 

Additional features and advantages of the invention 
will be set forth in the description that follows, and in 
part will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention will be realized and 
attained by the structure particularly pointed out in the 
written description and claims hereof as well as the 
appended drawings. 

To achieve these and other advantages and in 
accordance with the purpose of the present invention, 
as embodied and broadly described, the backlight 
device of the present invention includes a light source; a 
light guide for receiving light from the light source at one 
end and for emitting directional light that has its maxi- 
mum strength in a first predetermined direction; a polar- 
ization light splitter having a planar multi-layer structure; 
and a beam deflector disposed between the light guide 
and the polarization light splitter for deflecting the direc- 
tional light from the light guide light towards the polari- 
zation light splitter in a second predetermined direction 
along which the polarization light splitter has its maxi- 
mum polarized light splitting effect As a result, the light 
usage efficiency from the light source can be improved. 
In addition, the polarization light splitter of the present 
invention has a planar shape suitable for manufacturing 
thin, compact backlight systems and LCD devices. 

It is desirable to use a light guide having a plate-like 
shape. Light diffusing means may be provided in the 
light guide. Light diffusing means for the light guide may 
include a light diffusing layer that is in optical contact 
with the emitting surface of the light guide or formed by 
roughening the emitting surface or the opposite surface 
of the light guide. A light guide having light scattering 
(diffusing) property by itself may also be used as the 
light diffusing means. In addition, it is desirable that the 
light deflector be a prism sheet in which the cross-sec- 
tion of the surface facing the light guide and/or the 
cross-section of the surface opposite to the light guide 
side have an uneven surface profile formed by a plurality 
of unit prisms (or unit lenses). Furthermore, it is desira- 
ble to have a planar, multi-layer structure for the polari- 
zation light splitter in which three or more layers having 
different refractive indices are laminated. Also, it is 
desirable that the planar multi-layer structure of the 
polarization light splitter be constructed of three or more 



layers such that, with respect to two mutually orthogonal 
directions in a plane in which optical vibration occurs, 
the refractive index contrast of adjacent layers in one of 
the directions and the refractive index contrast of adja- 

5 cent layers in the other one of the directions are differ- 
ent. Further, it is desirable that the polarization light 
splitter be constructed of an optical rotation selection 
layer made of a cholesteric liquid crystal layer and a 
quarter-wave layer QJ4 layer). 

10 An LCD device of the present invention has a struc- 
ture such that the backlight system described above is 
used as the rear light source of the liquid crystal cell. 

In another aspect, the present invention provides a 
backlight device including a light source for emitting 

is light; a light guide for receiving the light from the light 
source and for emitting directional light having a maxi- 
mum intensity in a first predetermined direction; a polar- 
ization light splitter having a planar, mufti-layer 
structure; and a beam deflector, disposed between the 

20 light guide and the polarization light splitter, for deflect- 
ing the light from the light guide towards the polarization 
light splitter in a second predetermined direction sub- 
stantially coinciding with a direction in which the polari- 
zation light splitter has a maximum polarization light 

25 splitting effect. 

In another aspect, the present invention provides a 
liquid crystal display device including a light source for 
emitting light; a light guide for receiving the light from 
the light source and for emitting directional light having 

30 a maximum intensity in a first predetermined direction; a 
polarization light splitter having a planar, multi-layer 
structure; a beam deflector, disposed between the light 
guide and the polarization light splitter, for deflecting the 
light from the light guide towards the polarization light 

35 splitter in a second predetermined direction substan- 
tially coinciding with a direction in which the polarization 
tight splitter has a maximum polarization light splitting 
effect such that the deflected light is transmitted through 
the polarization light splitter; and a liquid crystal cell for 

40 receiving the light transmitted through the polarization 
light splitter to display at least one image. 

In a further aspect, the present invention provides a 
backlight device for use in a flat liquid crystal display 
device, the backlight device including a light source for 

45 emitting light; a light guide for receiving the light from 
the light source and for emitting directional light having 
a maximum intensity along a first predetermined direc- 
tion; a light deflector, disposed over the light guide, for 
deflecting the directional light from the light guide in a 

50 second predetermined direction; and a polarization light 
splitter, disposed over the light deflector, having a light 
splitting effect depending on a direction of light incident 
thereon such that the polarization lights splitter spirts 
the deflected light from the light deflector into two light 

55 beams having different polarization conditions with 
each other, the polarization light splitter reflecting one of 
the two light beams towards the light guide and trans- 
mitting the other one of the two light beams, and the 
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light splitting effect being at a maximum in a direction . 
substantially coinciding with the second predetermined 
direction. 

It is to be understood that both the foregoing gen- 
eral description and the following detailed description s 
are exemplary and explanatory and are intended to pro- 
vide further explanation of the invention as claimed. 



BRIEF DESCRIPTION OF THE DRAWINGS 
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The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specifica- 
tion, illustrate embodiments of the invention and 
together with the description serve to explain the princi- is 
pies of the invention. 

In the drawings: 

FIG. 1 is a cross-sectional view of a backlight sys- 
tem according to a preferred embodiment of the 20 
present invention; 

FIG. 2 is a cross-sectional view of a light guide 
according to a preferred embodiment of the present 
invention; 25 

FIG. 3 is a cross-sectional view of a light guide 
according to another preferred embodiment of the 
present invention ; 

30 

FIG. 4 is a cross-sectional view of a light guide 
according to another preferred embodiment of the 
present invention; 

FIG. 5 is a cross-sectional view of a light guide 35 
according to another preferred embodiment of the 
present invention; 

FIG. 6 is a cross-sectional view of a light guide 
according to another preferred embodiment of the 40 
present invention; 



FIG. 7 is a cross-sectional view of a light deflector 
according to a preferred embodiment of the present 
invention; 

FIG. 8 is a cross-sectional view of a light deflector 
according to another preferred embodiment of the 
present invention; 

FIG. 9 is a perspective view of an example of the 
light deflector according to the present invention; 



45 



50 



FIG. 10 is a cross-sectional view of a backlight sys- 
tem according to another preferred embodiment of 55 
the present invention; 

FIG. 1 1 is a cross-sectional view of a conventional 



backlight system with a liquid crystal cell; 

FIG. 12 is a cross-sectional view of another conven- 
tional backlight system with a liquid crystal cell; 

FIG. 13 is a cross-sectional view of still another 
conventional backlight system with a liquid crystal 
cell; 

FIG. 14 is a cross-sectional view of a backlight sys- 
tem having a multi-layer polarization structure 
made of cholesteric liquid crystal according to a first 
working example of the present invention; 

FIG. 15 is a cross-sectional view of a backlight sys- 
tem having a multi-layer polarization structure that 
utilizes the Brewster's angle (Brewster's law) 
according to a third working example of the present 
invention; and 

FIG. 16 is a perspective view of an example of a 
polarization light splitter having a planar multi-layer 
structure with anisotropic refractive indices accord- 
ing to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the pre- 
ferred embodiments of the present invention, examples 
of which are illustrated in the accompanying drawings. 

FIG. 1 schematically shows a cross-sectional view 
of a backlight system accord ng to a preferred embodi- 
ment of the present invention. The backlight device of 
the present invention includes a light source 1, and a 
light guide 2 for receiving light from the light source 1 
and emitting directional light having its maximum inten- 
sity in a first predetermined direction. The backlight 
device further includes a polarization light splitter 3 hav- 
ing a planar, multi-layer structure, and a beam deflector 

4 disposed between the light guide 2 and the polariza- 
tion light splitter 3 for deflecting the directional light from 
the light guide 2 in a second predetermined direction in 
which the polarization light splitter 3 has its maximum 
polarization light splitting effect. A cold cathode tube 
can be used as the light source 1 , for example. 

The light guide 2 receives the light from the light 
source 1 at one end and emits the light from emitting 
surface 6. As shown in FIGs. 1 to 6, the light guide 2 
emits directional light having its maximum intensity in 
the first predetermined direction indicated by the arrow 

5 in the respective figures. The material of the light 
guide is not particularly limited, as long as it has efficient 
transmission capability. Examples of such a material 
include acrylic resins such as polymethyl meta acrylate 
(PMMA), polycarbonate resins, and glass. As shown in 
FIGs. 1 to 5, the first predetermined direction 5 is 
directed substantially opposite to light source 1 with 
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respect to the emitting surface 6 of the light guide. Th§ 
directional light that has its maximum intensity in the 
first predetermined direction 5 can be generated as dif- 
fused light (not fully diffused light but with some direc- 
tionality) by providing light scatterers (or light diffusers) 5 
for the light guide 2 and by configuring the light guide to 
have a plate-like shape (e.g., a wedge shape with its 
thickness decreasing towards the end opposite to the 
light source side). To form such light scatterers (diffus- 
ers), any one of the following methods or a combination w 
of them can be used: 

(1) Forming by a printing, or like method a light dif- 
fusing layer at the emitting surface 6 of the light 
guide to establish optical contact. In this method, a is 
light diffusing (scattering) agent such as silica is 
dispersed in a resin to form the light diffusing layer. 

(2) Forming by printing, or like method, a light dif- 
fusing layer 7 (normally in a dot form), in which a 20 
light diffusing (scattering) agent such as silica is 
dispersed in a resin, at the surface opposite to the 
emitting surface of the light guide. In this method, 
optical contact is established between the light dif- 
fusing layer 7 and the light guide 2 (FIG. 2). 25 

(3) Roughening the emitting surface 6 of the light 
guide 2 (FIG. 3). 



(4) Roughening the surface of the light guide 2 
opposite to the emitting surface 6(FIG. 4). 



30 



(5) Including in the light guide a plurality of small 
particles (preferably with a particle diameter of 
about 5 jim or less) made from a material having a 35 
refractive index different from that of the material of 
the light guide 2 (FIG. 5). For example, the particles 
may be made from silicon resin having a refractive 
index of 1 .43, and the rest of the light guide may be 
made of PMMA having a refractive index of 1.49. 40 
The concentration of such particles is preferably 
less than 1 percent by weight This way, the light 
guide itself can have a desired light diffusion (or 
scattering) property. If the particle diameter is 
greater than 5 jim, light emitted from the light guide 45 
becomes almost fully diffused light, if the concen- 
tration of the particle exceeds 1 percent by weight, 
the uniformity in the luminance at the emitting sur- 
face of the light guide deteriorates. Neither case is 
desirable. 50 

If a double-light-source structure is used together 
with a light guide tapering from wide to narrow in a 
direction away from the light source, the center portion 
of the light guide is made to be the thinnest, as shown in 55 
FIG. 6. In this construction, there are two f irst predeter- 
mined directions 5 and 5a. 

As shown in FIGs. 7 and 8. beam deflector 4 



changes the direction of the light beam incident from 
light guide 2 in first predetermined direction 5. and emits 
it in a second predetermined direction 8. In the backlight 
system shown in FIG. 7, beam deflector 4 is a prism 
sheet (or lens sheet) that has a prism (or lens) structure 
created by arranging a plurality of unit prisms (or unit 
lenses). These unit prisms are triangular columns each 
having a triangular cross-section. The cross-section of 
the prism sheet at the surface facing the light guide 2 
exhibits a jagged surface profile having a plurality of V- 
like-shape elements. In this case, when the beam emit- 
ted from the light guide in the first predetermined direc- 
tion 5 is incident on the prism sheet 4, its direction 
changes into the second predetermined direction 8 by 
total internal reflection inside the prisms and the result- 
ant beam is emitted from the prism sheet 4. In FIG. 7, 
the cross-section of each triangular column prism is a 
scalene triangle such that the side facing the light 
source has a steeper inclination than the side facing 
away from the light source. This structure of the beam 
deflector is adapted to change the direction of the direc- 
tional light emitted obliquely from the emitting surface of 
the light guide 2 into a desired direction (second prede- 
termined direction 8 in the figure), e.g., in the direction 
normal or substantially normal to the emitting surface of 
the light guide. 

FIG. 8 shows another example of beam deflector 4 
in a backlight system. The beam deflector of FIG. 8 is a 
prism sheet in which a plurality of triangular prisms each 
having a V-like-shape cross-section are disposed at the 
surface opposite to the light guide side (prism sheet 4 of 
FIG. 7 is turned upside down). The light beam incident 
from the light guide in the first predetermined direction 5 
is deflected in a second predetermined direction 8 
through refractions at the incident faces and the emit- 
ting faces of the prisms in beam deflector 4. In FIG. 8, 
the cross-section of each of the triangular column 
prisms is a scalene triangle in which the side facing 
away from the light source has a steeper inclination than 
the side facing the light source. The structure of the 
beam deflector is adapted to deflect the directional light 
obliquely emitted from the emitting surface of the light 
guide 2 into a desired direction (second predetermined 
direction 8 in the figure), in the direction of a normal line, 
for example. Alternatively, when the incident light has 
weak directionality, isosceles triangular prisms may be 
used instead. 

The prism sheet functions properly as long as its 
constituent material has sufficient light transmissivrty. 
Examples of material that can be used include polycar- 
bonate (PC), polyester resins such as polyethylene 
terephtalate (PET), acrylic resins such as polyrnethyl 
meta acrylate (PMMA), and glass. In particular, to accu- 
rately form fine prism shapes, it is desirable to use an 
ultraviolet-setting resin on a base film formed from PET, 
PC, or the like for forming the prism sheets. Such prism 
sheets are desirable particularly because they have 
superior mass production capabilities. It is desirable to 
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have a large refractive index for a prism formed with an 
ultraviolet-setting resin. The refractive index should be 
about 1.4 or larger or, more preferably. 1.5 or larger. To 
form the prism shape with an ultraviolet-setting resin on 
the base film, it is desirable to utilize a method disclosed 
in Japanese Laid-Open Patent Application No. 05- 
169015. In this publication, an ultraviolet-setting resin is 
coated on a rotating intaglio roll having a recessed pat- 
tern that is in reciprocal relationship with the uneven 
surface profile of the prism sheet to be manufactured, 
and a base film is pressed onto the intaglio roll over the 
resin solution thereon. Ultraviolet radiation is then irradi- 
ated on the intaglio roll and the resin is cured. The solid- 
ified ultraviolet-setting resin is peeled off from the 
rotating intaglio roll together with the base film. This 
way, the prism sheet can continuously be manufactured. 

For polarization light splitter 3 of the present inven- 
tion, a planar, multi-layer structure is preferable. FIG. 10 
shows a backlight system that uses polarization light 
splitter 41 with such a planar, multi-layer structure 
according to a preferred embodiment of the present 
invention. 

The polarization light splitter 41 has a planar, multi- 
layer structure in which the materials of adjacent planar 
layers have different refraction indices. Material that can 
be used for the planar layer structure is not particularly 
limited as long as it has sufficient light transmission 
property. Examples of such a material include polyester 
resins such as polyethylene terephtalate (PET), poly- 
carbonate (PC), acrylic resins such as polymethyl- 
metaacrylate (PMMA), TAC (triacetate cellulose), glass, 
silica, and ITO (Indium Tin Oxide). The purpose of using 
such a polarization light splitter having a planar, multi- 
layer structure, with each layer having a different refrac- 
tion index from its adjacent layer(s). is to utilize the phe- 
nomena that transmitted light and reflected light are 
polarized when a light beam passes through an inter- 
face between layers having different refractive indices 
(polarized light splitting effect). The incident angle of 
light where this polarized light splitting effect is opti- 
mized is known as Brewster's Angle. If the incident 
angle of light coincides with Brewster's Angle with 
respect to a planar layer with the refractive index n'>1 
disposed in the air (refractive index n=1), the intensity 
contrast between the S wave of the reflected beam and 
the P wave of the transmitted beam becomes 
T s /T p =2 n7(1+n' 2 ). In order to obtain a stronger 
polarized light splitting effect, the planar layer desirably 
has a multi-layer structure with two or more layers. It is 
more preferable to have a multi-layer structure with 
three or more layers. Having five or more layers is even 
better. Here, the P wave represents light with its optical 
vibration surface parallel to the incident surface and the 
S wave represents light with its optical vibration surface 
perpendicular to the incident surface. 

When an unpolarized light beam is incident on this 
type of polarization light splitter, the linearly polarized 
components of the light beam that contain larger P wave 




components are transmitted. The remaining linearly 
polarized components of the light beam, which contain 
larger S wave components, are reflected towards the 
light guide side. The reflected light is linearly polarized 

5 light with the polarization plane orthogonal to that of the 
transmitted light The light beam returned to the light 
guide is converted from a polarized state into an unpo- 
larized state by scattering or reflection (this function is 
performed in the light guide, for example), and then 

w emitted towards the polarization light splitter for re-use. 
Because the light beams eventually emitted from the 
light guide go through these processes, a desirable 
polarized light can efficiently be obtained with little loss 
of light quantity. Here, to convert reflected, polarized 

75 light beams into unpolarized light beams, a reflective 
sheet placed on the back side of the light guide may 
also be used. 

As described above, one of the preferred embodi- 
ments of polarization light splitter 3 (41 in FIG. 1 0) of the 

20 present invention has a planar multi-layer structure con- 
structed of two or more layers each having an isotropic 
predetermined refractive index. Alternatively, as shown 
in FIG. 16, it is possible to use a multi-layer structure in 
which a plurality of layers each having anisotropy in 

25 refractive index are laminated such that the primary 
axes of the anisotropy are shifted from each other. 

The layers having anisotropy in refractive index can 
be formed of material having in-plane anisotropy in 
refractive index. Examples of such materials include, as 

30 disclosed in Japanese Laid-Open Patent Application 
No. 03-757055, polycarbonate system resins, polyes- 
ter-system resins, polyvinylalcohol system resins, and 
cellulose acetate system resins. A stretch method or the 
like can be used to form the corresponding layers. 

35 FIG. 1 6 shows a perspective view of the multi-layer 
structure of a polarization light splitter 50. In FIG. 16, the 
planar, multi-layer structure of the polarization light split- 
ter 50 is constructed of three or more layers in such a 
way that, with respect to two mutually orthogonal direc- 

40 tions of optical vibrations in a plane, the refractive index 
contrast between adjacent layers along one of the direc- 
tions is different from the refractive index contrast 
between adjacent layers along the other directions. 
FIG. 16 schematically shows such a planar, multi- 

45 layer structure formed by laminating four layers 51-54 
each having anisotropy in refractive index. For example, 
the refractive indices of layers 51 , 52, 53 and 54 with 
respect to light vibrating in the X direction are designed 
to be substantially the same (= ny). Therefore, there is 

so no substantial difference in refractive index between 
adjacent layers in the X direction. On the other hand, the 
refractive indices of layers 51 and 53 with respect to 
Tight vtorating in the Y direction are both n Y i. and the 
refractive indices of layers 52 and 54 with respect to 

55 light vibrating in the Y direction are both n y2 (^n Y i). 
Therefore, the difference in the refractive index 
An Y s|r7 Y1 -r7 Y2 | between adjacent layers in the Y 
direction is substantially non-zero. Consequently, the 
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refractive index difference An x in the X direction 
between adjacent layers and the refractive index differ- 
ence Any in the Y direction between adjacent layers are 
substantially different. 

Polarization components of light are split using 
such a polarization light splitter having a planar, multi- 
layer structure in which the refractive index difference 
between adjacent layers along one of the two mutually 
orthogonal optical vibration directions is different from 
the refractive index difference between adjacent layers 
in the other direction. This separation of light compo- 
nents utilize the following properties. The reflection 
effect of light that vibrates in the direction of the high 
refraction index difference (Y direction in FIG. 16) is 
greater than the reflection effect of the light that vibrates 
in the direction of the low refraction index difference (X 
direction in FIG. 16). The transmission of light that 
vibrates in the direction of the low refraction index differ- 
ence (X direction in FIG. 16) is greater than the trans- 
mission of light that vibrates in the direction of the high 
refraction index difference (Y direction in FIG. 16). 

Furthermore, when the smaller refraction index dif- 
ference is substantially zero, as in the case of the polar- 
ization light splitter of FIG. 16 above (Anx). light (or a 
light component) that vibrates along the corresponding 
direction is transmitted without reflection. With this con- 
struction, a superior light splitting effect can be 
achieved. In FIG. 16, light that vibrates in the X direction 
is transmitted and light that vibrates in the Y direction is 
reflected. Moreover, if the higher refractive index differ- 
ence (A/7 Y in the case of FIG. 16) is made larger, the 
performance of the polarized light splitting film can be 
further improved. 

A mechanism for exhibiting these properties will be 
illustrated in the case of the polarization light splitter of 
FIG. 16. For the light vibrating in the X direction, the 
refractive indices inside the planar, multi-layer structure 
of the polarization light splitter 50 are substantially uni- 
form. Therefore, only a small amount of surface reflec- 
tion occurs on the incident surface and the emitting 
surface of the planar, multi-layer structure. However, for 
the light vibrating in the Y direction, the refractive indi- 
ces inside the planar multi-layer structure are different 
from respective adjacent layers. Therefore, sur- 
face/interface reflections occur at each of the interfaces 
between the layers as well as at the incident surface 
and the emitting surface of the planar multi-layer struc- 
ture. The greater the number of layers in the polarization 
light splitter is, the more reflections occur, improving 
efficiency in reflection of the light vibrating in the Y direc- 
tion. 

In this case, the optimum incident direction of light 
for producing the maximum polarized light splitting 
effect is around a direction normal to the plane of the 
planar, multi-layer structure. 

To measure the polarization light splitting effect, lin- 
early polarized light beams having the polarization 
directions orthogonal to each other can be used. 



Instead of using materials having anisotropy in 
refractive index, liquid crystal, preferably chol est eric liq- 
uid crystal material, can also be used to form the polar- 
ization light splitting member in the planar, multi-layer 

5 structure of the polarization light splitter of the present 
invention. Cholesteric liquid crystal exhibits an optical 
rotation selectivity due to its helical molecular structure. 
The light incident at an angle parallel to the helical axis 
of the planar structure is split into two circularly polar- 

w ized light beams: right and left (clockwise or counter- 
clockwise) circularly polarized components. One of the 
components is transmitted and the other is reflected. 
This phenomena is known as circular dichroism. When 
the optical rotation direction of the circularly polarized 

15 components of the incident light is properly oriented, the 
circularly polarized component that has the same orien- 
tation as the helical axis of the cholesteric liquid crystal 
is selectively scattered and reflected. The maximum 
scattering of these optically rotated beams occurs at the 

20 wavelength Ao given by the following Equation (1). 
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Here, p represents the helical pitch, and n AV repre- 
sents an average refractive index in a plane perpendic- 
ular to the helical axis. The wavelength bandwidth AX of 
the reflective light is given in the following Equation (2). 



AX = An • p 



(2) 



Here, An = n t - n ± , n^is the maximum refractive 
index in a plane perpendicular to the helical axis, and 
n ± is the maximum refractive index in a plane parallel to 
the helical axis. Also, it is known that the wavelength X\y 

35 of the selectively reflected light separated from light that 
is obliquely incident with respect to the helical axis of 
the planar structure shifts towards the shorter wave- 
length side relative to Xq. 

Using the above-mentioned properties, it is possi- 

40 b!e to selectively use light that has a specific wave- 
length. Alternatively, white light can be used by 
adjusting the helical pitch p and the refractive index dif- 
ference An of the cholesteric liquid crystal so that the 
wavelength bandwidth AX of the reflected light covers 

45 the entire range of visible light. 

The cholesteric liquid crystal is preferably chiral 
nematic liquid crystal in which optically active material, 
such as a 2-methylbutyl group, a 2-methylbutoxy group, 
or a 4-methylhexyl group, is bonded on the end group of 

50 a nematic liquid crystal compound, such as a schiff 
base, azo system, ester system, or biphenyl system. 

Moreover, materials suitable for the cholesteric liq- 
uid crystal include cholesteric liquid crystal polymers. 
The cholesteric liquid crystal polymer is preferable 

55 because it is in a solid phase at a room temperature and 
its chiral characteristics are easily maintained, in gen- 
eral, a liquid crystal polymer has a mesogen group that 
exhibits liquid crystal character introduced in the main 
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chain and/or the side chain of the polymer. Similarly, a 
liquid choiesteric crystal polymer can be obtained by 
introducing a cholesteril group to the side chain, for 
example. In this case, the cholesteril group can be intro- 
duced to the side chain of a main chain polymer of 
polysiloxane or a vinyl polymer such as an ethylene- 
vinyl acetate copolymer, through a spacer (molecular) 
that provides an appropriate distance, or by polymeriz- 
ing a vinyl monomer having a cholesteril group, for 
example. 

The polarization light splitting effect of the choies- 
teric liquid crystal is such that one of the circularly polar- 
ized light components (right rotated or left rotated) is 
transmitted and the other circularly polarized light com- 
ponent is reflected at the choiesteric liquid crystal. For 
an LCD, linearly polarized light (not circularty polarized 
light) is normally used as incident light. Therefore, it is 
preferable to use a quarter-wave plate (X/4 phase differ- 
entiation plate) that converts circularly polarized light to 
linearly polarized light. The functions of the choiesteric 
liquid crystal and the quarter-wave plate are reported in 
"SID 90 DIGEST, pp. 110-110, Polarizing Color Filters 
Made From Choiesteric LC siliconer," for example. 

When choiesteric liquid crystal is used, the choies- 
teric liquid crystal layer and the quarter-wave layer may 
be in contact with each other or may be separated by air 
or by an additional layer interposed therebetween. How- 
ever, it is preferable to couple both layers to be in con- 
tact with each other and to create a planar, multi-layer 
structure having at least two layers. This is because the 
resultant polarization light splitter can be made film-like. 
The quarter-wave layer is arranged at the liquid crystal 
cell side and the choiesteric liquid crystal layer is 
arranged at the light guide side. In principle, it is possi- 
ble to have the choiesteric liquid crystal layer and the 
quarter-wave layer disposed separately from each 
other. However, such arrangement is not particularly 
preferable because there will be a loss in light quantity 
due to reflections at the interfaces between the solid 
and the gas, and the arrangement will require more con- 
stituent parts. 

The optimum incident angle of light for producing 
the maximum polarized light splitting effect at the choi- 
esteric liquid crystal layer depends on the orientation of 
the choiesteric liquid crystal. In view of the envisioned 
application to LCD devices, it is most desirable to align 
the orientation of the choiesteric liquid crystal such that 
the maximum strength of the polarized light occurs in a 
direction substantially normal to the plane of the planar 
polarization light splitter. The desired orientation of the 
choiesteric liquid crystal can be obtain by using a rub- 
bing method in which the choiesteric liquid crystal is 
coated on a rubbed substrate of a polymer film, or by 
using an ultraviolet orientation technology with a polar- 
ized beam. 

When the polarization light splitting effect of choies- 
teric liquid crystal is used, as described above, the 
polarization light splitting effect due to the Brewster's 



angle at the interfaces of the choiesteric liquid crystal 
layers, and the polarization light splitting effect of the 
choiesteric liquid crystal itself, are combined. Each 
effect has its own optimum direction in which the effect 

5 becomes the strongest. When the two directions are 
significantly different, the total light splitting property 
has merely two peaks. However, when the two direc- 
tions are close to each other, the total light splitting 
effect is enhanced. Normally, this direction coincides 

10 with the direction of the helical axis of the choiesteric 
structure. 

As described above, the backlight system of the 
present invention has a light deflector for deflecting 
directional light (e.g., directionally diffused light) with the 

is maximum strength in the first predetermined direction 
emitted from the light guide towards the second prede- 
termined direction (the direction in which the polarized 
light splitting effect of the polarization light splitter 
described above reaches its maximum). As a result, it is 

20 possible to significantly improve efficiency in light usage 
using the maximum polarization light splitting ability of 
the polarization light splitter. In addition, since the polar- 
ization light splitter of the present invention has a planar 
structure, it becomes possible to manufacture a thin, 

25 compact backlight system, as compared with conven- 
tional structures in which the multi-layer structure is 
formed on inclined faces. 

The backlight system of the present invention may 
include a diffusion sheet and/or prism sheet (or lens 

30 sheet), as in the conventional backlight systems of 
FIGs. 11 to 13. 

In addition, an LCD device of the present invention 
includes the backlight system of the present invention 
as a rear lighting source for illuminating the liquid crystal 

35 cell. 

The present invention is described further by work- 
ing examples and comparative examples, as follows. 



40 



First Working Example 



FIG. 14 shows a backlight system according to a 
first working example of the present invention. The 
backlight system includes light source 1 for emitting 
light, and light guide 2 having dot-shape light diffusers 7 

45 on its bottom surface for emitting diffused light having a 
maximum strength in an oblique direction. The backlight 
system further includes a planar, multi-layered polariza- 
tion light splitter 42 constructed of. from the incident sur- 
face side. PET (polyethleneterephtalate resin) layer 43. 

so choiesteric liquid crystal layer 44 (the direction of the 
helical axis of the choiesteric structure is normal to the 
PET layer surface), quarter-wave layer 45, and TAC 
(triacetate cellulose) layer 46. 

Beam deflector 4 was provided for deflecting light 

55 from the light guide 2. The beam deflector 4 is a prism 
sheet having a plurality of prism (or lens) units disposed 
thereon. Each of the prism units is a triangular column 
prism having a scalene triangle cross-section in which 
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the side facing the light source 1 has a steeper incline 
tion than the side facing away from the light source. The 
jagged surface of the prism sheet faces the light guide 
side. 

In this backlight system, reflection sheet 9 was 
made of a white polyethylene terephtalate sheet and 
located adjacent to the bottom surface of the light guide 
2. Diffusion sheet 10 with a weak diffusion capability 
was arranged between the beam deflector 4 and the 
polarization light splitter 42. The polarization direction of 
a polarizer disposed on a light receiving side of a liquid 
crystal cell (not shown in the figure) was aligned with the 
polarization direction of the light emitted through the 
polarization light splitter 42 so that the polarized light 
can be utilized at the maximum efficiency. 

The light beam from the light source 1 propagated 
in light guide 2 by experiencing multiple total internal 
reflections and was emitted upwards from the light 
guide 2 in an oblique direction. Such emitted light beam 
was deflected upwards through total internal reflection 
at the prisms of the light deflector 4, transmitted through 
polarization light splitter 42 f and was incident on a liquid 
crystal panel having twisted nematic (TN) type liquid 
crystal interposed between two polarizing plates. 

The luminance of light emitted from the polarizing 
plate on the liquid crystal panel surface was measured 
in the transmission mode of the liquid crystal panel. The 
result was compared to the liquid crystal panel with the 
conventional backlight system of FIG. 11. The maxi- 
mum luminance (luminance in the direction of the maxi- 
mum value) was improved by 40%. The total thickness 
of the backlight system is 6 mm, which is 1/10 or less of 
the total thickness of a conventional direct-bottom-type 
backlight system. 

Second Wb rkino Example 

The backlight of a second working example was 
prepared in a similar manner to the first working exam- 
ple except that, in the backlight system, a triangular col- 
umn prism having an isosceles triangular cross-section 
with a vertical angle of 90 degree was used as the prism 
unit oF the beam deflector and the uneven surface of 
the prism sheet was arranged at the side opposite to the 
liquid crystal cell side. The luminance was evaluated in 
the same way as in the first working example. The max- 
imum luminance was improved by 20%. 

First Comparative Example 

A backlight system was prepared using the same 
polarization light splitter as that of the second working 
example, but was arranged to have the polarization light 
splitter and the prism sheet (the prism surface is facing 
the liquid crystal cell side) in that order from the light 
guide side. The luminance was evaluated in the same 
manner as in the first working example. The maximum 
luminance was not significantly improved. That is, there 



was only 5% improvement. 
Third Working Example 

5 As shown in FIG. 15, a backlight of a third working 

example was prepared using a polarization light splitter 
47 having a planar, multi-layer structure with a total of 
50 layers of alternately laminated polycarbonate resin 
layers 48 and polymetylmetacrylate resin layers 49. The 

io other parts were the same as in the first working exam- 
ple. The luminance was evaluated in the same manner 
as in the first working example. The maximum lumi- 
nance was improved by 60%. 

is Fourth Working Example 

In a fourth working example, instead of using the 
polarization light splitter of the first and second working 
examples above, a polarization light splitter was con- 

20 structed by laminating, through a thermal-press proc- 
ess, a total of 100 layers of polyester resin layers each 
stretched in a predetermined direction as in a manner 
similar to the polarization light splitter of FIG. 16. The 
laminated structure was formed such that the primary 

25 axes of the respective refractive indices in adjacent lay- 
ers are perpendicular to each other. The measured 
luminance exhibited improvements similar to the first 
and second working examples above. 

30 Second Comparative Example 

The luminance was measured for each of the first to 
fourth working examples above under the condition that 
the direction in which the maximum intensity of the 

35 directional light incident on the corresponding polariza- 
tion light splitter is deliberately shifted from the optimum 
direction in which the maximum polarization light split- 
ting effect occurs in the polarization light splitter. The 
measurement results showed that the greater the shift, 

40 the lower the luminance. In particular, a significant 
reduction in the luminance was observed in the case of 
a 10 degree shift. With a 25 degree shift, changes in 
color were clearly observed. 

According to the present invention, efficiency in 

45 light usage can be improved with a relatively simple 
structure. In addition, the polarization light splitter of the 
present invention has a thin, planar shape, and there- 
fore is suitable for manufacturing thin, compact liquid 
crystal devices. 

so It will be apparent to those skilled in the art that var- 
ious modifications and variations can be made in the 
backlight device of the present invention without depart- 
ing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover modifications 

55 and variations of this invention provided they come 
within the scope of the appended claims and their 
equivalents. 
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Claims 



1 . A backlight device comprising: 

a light source for emitting light; 

a light guide for receiving the light from the light 
source and for emitting directional light having 
a maximum intensity in a first predetermined 
direction; 

a polarization light splitter having a planar, 
multi-layer structure; and 

a beam deflector, disposed between the light 
guide and the polarization light splitter, for 
deflecting the light from the light guide towards 
the polarization light splitter in a second prede- 
termined direction substantially coinciding with 
a direction in which the polarization light splitter 
has a maximum polarization light splitting 
effect. 

2. The backlight device according to claim 1 , wherein 
the planar, multi-layer structure of the polarization 
light splitter includes at least three laminated layers 
each having a refractive index different from that of 
each layer adjacent to it. 

3. The backlight device according to claim 1 , wherein 
the polarization light splitter includes an optical 
rotation selection layer made of a cholesteric liquid 
crystal layer and a quarter-wave layer. 

4. The backlight device according to claim 1 , wherein 
the planar, multi-layer structure of the polarization 
light splitter includes at least three layers each hav- 
ing anisotropy in refractive index arranged such that 
a value indicating a difference in refractive index 
along one of two mutually orthogonal optical vibra- 
tion directions in a predetermined plane between 
two adjacent layers is different from a value indicat- 
ing a difference in refractive index along the other 
one of the two mutually orthogonal optical vibration 
directions between the two adjacent layers. 

5. The backlight device according to claim 1 , wherein 
the light guide includes at least one of a light dif- 
fuser and a light scatterer. 

6. The backlight device according to claim 5, wherein 
the planar, multi-layer structure of the polarization 
light splitter includes at least three laminated layers 
each having a refractive index different from that of 
each layer adjacent to it. 

7. The backlight device according to claim 5, wherein 
the polarization light splitter includes an optical 
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rotation selection layer made of a cholesteric liquid 
crystal layer and a quarter-wave layer. 

The backlight device according to claim 5, wherein 
the light guide has a plate-like shape and the at 
least one of the light diffuser and the light scatterer 
includes a light diffusing layer optically in contact 
with at least one of a plurality of surfaces of the light 
guide. 

The backlight device according to claim 5, wherein 
the light guide has a plate-like shape and at least 
one of a plurality of surfaces of the light guide has 
an uneven surface profile functioning as the at least 
one of the light diffuser and the light scatterer. 



10. The backlight device according to claim 5, wherein 
the light guide includes light scattering agents 
therein functioning as the at least one of the light 
20 diffuser and the light scatterer. 



11. The backlight device according to claim 5, wherein 
the planar, multi-layer structure of the polarization 
light splitter includes at least three layers each hav- 
ing anisotropy in refractive index arranged such that 
a value indicating a difference in refractive index 
along one of two mutually orthogonal optical vibra- 
tion directions in a predetermined plane between 
two adjacent layers is different from a value indicat- 
ing a difference in refractive index along the other 
one of the two mutually orthogonal optical vibration 
directions between the two adjacent layers. 
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12. The backlight device according to claim 5, wherein 
the beam deflector has at least two sides, one of 
the sides facing towards the light guide and the 
other side facing away from the light guide; and 

wherein the beam deflector includes a prism 
sheet having a plurality of unit prisms, disposed at 
least one of the sides of the beam deflector, to form 
a jagged surface profile of the beam deflector. 



13. The backlight device according to claim 12, wherein 
the polarization light splitter includes an optical 

45 rotation selection layer made of a cholesteric liquid 
crystal layer, and a quarter-wave layer. 

14. The backlight device according to claim 12, wherein 
the planar, multi-layer structure of the polarization 

so light splitter includes at least three layers each hav- 
ing anisotropy in refractive index arranged such that 
a value indicating a difference in refractive index 
along one of two mutually orthogonal optical vibra- 
tion directions in a predetermined plane between 

55 two adjacent layers is different from a value indicat- 
ing a difference in refractive index along the other 
one of the two mutually orthogonal optical vibration 
directions between the two adjacent layers. 
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1 5. The backlight device according to claim 12, wherein 
the planar, multi -layer structure of the polarization 
light splitter includes at least three laminated layers 
each having a refractive index different from that of 
each layer adjacent to it. 

1 6. The backlight device according to claim 1 2, wherein 
the polarization light splitter includes an optica) 
rotation selection layer made of a cholesteric liquid 
crystal layer and a quarter-wave layer. 

17. A liquid crystal display device comprising: 

a light source for emitting light; 

a light guide for receiving the light from the light 
source and for emitting directional light having 
a maximum intensity in a first predetermined 
direction; 

a polarization light splitter having a planar, 
mufti-layer structure; 

a beam deflector, disposed between the light 
guide and the polarization light splitter, for 
deflecting the light from the light guide towards 
the polarization light splitter in a second prede- 
termined direction substantially coinciding with 
a direction in which the polarization light splitter 
has a maximum polarization light splitting effect 
such that the deflected light is transmitted 
through the polarization light splitter; and 

a liquid crystal cell for receiving the light trans- 
mitted through the polarization light splitter to 
display at least one image. 

18. The liquid crystal display device according to claim 
17, wherein the planar, multi-layer structure of the 
polarization light splitter includes at least three lam- 
inated layers each having a refractive index differ- 
ent from that of each layer adjacent to it. 

19. The liquid crystal display device according to claim 
17, wherein the polarization light splitter includes 
an optical rotation selection layer made of a choles- 
teric liquid crystal layer and a quarter-wave layer. 

20. The liquid crystal display device according to claim 
17, wherein the planar, multi-layer structure of the 
polarization light splitter includes at least three lay- 
ers each having anisotropy in refractive index 
arranged such that a value indicating a difference in 
refractive index along one of two mutually orthogo- 
nal optical vibration directions in a predetermined 
plane between two adjacent layers is different from 
a value indicating a difference in refractive index 
along the other one of the two mutually orthogonal 
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optical vibration directions between the two adja- 
cent layers. 

The liquid crystal display device according to claim 
17, wherein the light guide includes at least one of 
a light diffuser and a light scatterer. 
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22. A backlight device for use in a fiat liquid crystal dis- 
play device, the backlight device comprising: 

a light source for emitting light; 

a light guide for receiving the light from the light 
source and for emitting directional light having 
a maximum intensity along a first predeter- 
mined direction; 

a light deflector, disposed over the light guide, 
for deflecting the directional light from the light 
guide in a second predetermined direction; and 

a polarization light splitter, disposed over the 
light deflector, having a light splitting effect 
depending on a direction of light incident ther- 
eon such that the polarization lights splitter 
splits the deflected light from the light deflector 
into two light beams having different polariza- 
tion conditions with each other, the polarization 
light splitter reflecting one of the two light 
beams towards the light guide and transmitting 
the other one of the two light beams, and the 
light splitting effect being at a maximum in a 
direction substantially coinciding wfth the sec- 
ond predetermined direction. 

23. The backlight device according to claim 22, wherein 
the polarization light splitter includes a plurality of 
laminated layers each having a refractive index dif- 
ferent from that of each layer adjacent to it. 

24. The backlight device according to claim 22, wherein 
the polarization light splitter includes an optical 
rotation selection layer made of a cholesteric liquid 
crystal layer and a quarter-wave layer. 

25. The backlight device according to claim 22, wherein 
the polarization light splitter includes at least three 
layers each having anisotropy in refractive index 
arranged such that a value indicating a difference in 
refractive index along one of two mutually orthogo- 
nal optical vibration directions in a predetermined 
plane between two adjacent layers is different from 
a value indicating a difference in refractive index 
along the other one of the two mutually orthogonal 
optical vibration directions between the two adja- 
cent layers. 

26. The backlight device according to claim 22, further 
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comprising a reflection sheet disposed under the 
light guide for reflecting light that is emitted down- 
wards from the light guide to return the light to the 
light guide. 

5 

27. The backlight device according to claim 22, wherein 
the light guide includes at least one of a light dif- 
f user and a light scatterer. 

28. The backlight device according to claim 27, wherein w 
the light guide has a plate-like shape and the at 
least one of the light diffuser and the light scatterer 
includes a light diffusing layer optically in contact 
with at least one of a plurality of surfaces of the light 
guide. is 

29. The backlight device according to claim 27, wherein 
the light guide has a plate-like shape and at least 
one of a plurality of surfaces of the light guide has 

an uneven surface prof Pe functioning as the at least 20 
one of the light diffuser and the light scatterer. 

30. The backlight device according to claim 27, wherein 
the light guide includes light scattering agents 
therein functioning as the at least one of the light 25 
diffuser and the light scatterer. 

31. The backlight device according to claim 27, further 
comprising a reflection sheet disposed under the 
light guide for reflecting light that is emitted down- 30 
wards from the light guide to return the light to the 
light guide. 
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